Abstract. We suggest a disordered traffic flow model that captures many features of traffic flow. It is an extension of the Nagel-Schreckenberg (NaSch) stochastic cellular automata for single line vehicular traffic model. It incorporates random acceleration and deceleration terms that may be greater than one unit. Our model leads under its intrinsic dynamics, for high values of braking probability pr, to a constant flow at intermediate densities without introducing any spatial inhomogeneities. For a system of fast drivers pr → 0, the model exhibits a density wave behavior that was observed in car following models with optimal velocity. The gap of the disordered model we present exhibits, for high values of pr and random deceleration, at a critical density, a power law distribution which is a hall mark of a self organized criticality phenomena.
Introduction
The investigation of traffic flow has attracted the interest of physicists already a long time ago. Different approaches have been proposed [1, 2] . One can distinguish macroscopic and microscopic ones. In macroscopic models the traffic is viewed on the one hand as a compressible fluid formed by the vehicles and then analyzed using hydrodynamical fluid theories [3] , on the other hand as a gas of interacting particles and then treated using kinetic theories of gases based on the Boltzmann equation [4] .
In the car-following theories [5, and references therein], which are a typical example of microscopic approaches, individual vehicles are distinguished and the equation of motion, for each one, is the analogue of the Newton's equation. Many car-following models have been proposed depending on a sensitivity parameter and reaction time. But, they lead to unrealistic description of the behavior of free vehicles which have a large distance to the next vehicle ahead and suffer from serious problems in the low-density limit. To overcome these problems an optimal velocity V opt was introduced and a typical form [6] gives satisfactory results compared with empirical data. But, it has been found empirically that V opt depends on the traffic state [7] . For a detailed study of all the above approaches and theories we refer the reader to the review articles references [5, 8, and references therein] . a e-mail: loulidi@fsr.ac.ma CA approach can be considered as a powerful tool, in statistical physics, to model local and nonlocal interactions [9] . Nowadays, the simulation of traffic using cellular automata approach [10] stands out for its simplicity. It is a microscopic description of traffic flow governed by simple rules that each individual driver follows.
The stochastic traffic CA model introduced by Nagel and Schreckenberg [11] (NaSch) is governed by simple rules. It simulates single-lane one way traffic and is able to reproduce the main features of traffic flow as backward moving shock waves and the so-called fundamental diagram, J = J(ρ). In real traffic the system dynamics is very complex. However, the stochasticity introduced into the model takes into account of some events due to human driving: the maximum speed fluctuations, overreactions at braking and retarded acceleration. The NaSch model has been intensively studied using both analytical and numerical methods [12] . Many extensions of this model have been established in order to understand the rich variety of physical phenomena exhibited by vehicular traffic [13, 14] . Some of these phenomena, observed in vehicular traffic under different circumstances, include transitions from one dynamical phase to another, criticality and self-organized criticality, metastability and hysteresis, phase-segregation, etc. We note that no one of these extensions is able to reproduce the main phenomena of real traffic flow all together.
Since inhomogeneities have relevant effects on the systems dynamics, many kind of disorder were involved in 240 The European Physical Journal B traffic flow models. It was shown numerically that the NaSch model with a quenched random deceleration probabilities displays queueing of cars with a power law distribution of gaps between the cars at low densities [15] . The jammed phase behavior is similar to that observed in the standard NaSch model. The introduction of defects in NaSch model has a very high impact on the fundamental diagram and the dynamics of the model [16, 17] . One distinguishes between two kind of defects, the sitewise and the particlewise disorder. The later case produces phase separated stationary states, which consists of a large jam behind the slowest vehicle and a large gap in front of it at low densities. The single defect site induces a third phase, which is also a phase separating, located between free flow regime and jamming phase where the flow is constant [17] . This intermediate phase was already observed in the asymmetric exclusion model, which corresponds to the NaSch model with v max = 1, for the sitewise disorder [18] .
Since the CA approach may give, in a simple way, a good description of real traffic and captures the main phenomena observed by analyzing empirical data [7, 19] , we suggest an extension of the NaSch model that includes explicitly random incrementation of driver velocities. However, we think that it should be more realistic to take into account of non uniform acceleration and deceleration of vehicles as the drivers act differently. In the road you find 'careful' drivers, which don't drive fast, as well as 'careless' ones, which drive at their maximum speed. Depending on the distance ahead and the velocity of the vehicle the drivers may accelerate or decelerate more than one unit at each time step. Usually the competition between quenched randomness and dynamic fluctuations induces phase transitions between a disordered-dominated phase and fluctuation-dominated phase with qualitatively distinct behaviors. Thus, we expect that a model with random acceleration should induce new dynamical states especially for intermediate densities since the fast drivers are stuck by the slowest ones. The model is defined in Section 2 and depending either on random acceleration or deceleration we show numerically in Section 3 that it presents some interesting phenomena which were observed separately in different varieties of traffic flow models [19] [20] [21] 23] . In Section 4 we study the gap distribution in order to show that the model exhibits a critical self organized behavior. The conclusion of our mean results is given in Section 5.
Definition of the model
The disordered traffic flow model we present is a probabilistic CA where not only space and time are discret, but also the state variable of the vehicles. As in the NaSch model each cell can be empty or occupied by exactly one vehicle n and the state of each one is characterized by its velocity v n which can take one of the v max + 1 allowed integer values v = 0, 1, 2, ..., v max . We denote the position and the velocity of the nth vehicle by x n and v n respectively. Then, g n = x n+1 − x n − l, where l is the vehicle length, is the gap between the nth vehicle and vehicle n+1 in front of it. At each time step t → t + 1, the N vehicles arrange themselves on a finite lattice of length L following a parallel update according to the following rules:
Step 1: acceleration If v n < v max , the velocity of the n-th vehicle is increased by a n sites, i.e.
where a n = [p n g n ] + 1.
Step 2: deceleration If (g n + 1) ≤ v n , the velocity of the n-th vehicle is reduced to g n , i.e.
Step 3: randomization
If v n > 0, with probability p r the velocity of the nth vehicle is decreased randomly by d n sites, i.e.
with the probability p r (3)
Step 4: vehicle mouvement Each vehicle moves forward according its new velocity v n obtained from the steps 1-3, i.e.
The symbol [A] denotes the integer part of A and the quenched p n and q n variables are randomly distributed in the interval [c, 1] according to the distribution laws:
As the model we suggest is an extension of the NaSch model, the four steps quoted above are necessary to reproduce the basic features of real traffic [5, 13] . In the first step the driver might move [p n g n ]+1 sites while in the second one he reduces its velocity and adjusts it according to the distance to the vehicle ahead. The randomization step, which involves a randomization parameter p r , describes the acceleration delay of each driver or its overreaction in braking, which leads to the spontaneous formation of traffic jams. In real traffic the driver ability to drive more or less fast is a pertinent parameter in the dynamics of vehicles. The distributions given above reflect the fact that the 'careless' drivers drive as fast as possible. They correspond to higher values of p n and lowest values of q n . On the other hand the 'careful' drivers drive slowly since their corresponding probabilities p n and q n are the lowest respectively the highest.
